This paper investigates the concept of symmetry and its role in problem solving. It first defines precisely the elements that constitute a "problem" and its "solution," and gives several examples to illustrate these definitions. Given precise definitions of problems, it is relatively straightforward to construct a search process for finding solutions. Finally this paper attempts to exploit the concept of symmetry in improving problem solving.
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Example 2: Missionaries and Cannibals problem
There are three cannibals and three missionaries in one side of the lack. Please help the three cannibals and three missionaries to move the other side of the lack with a boat which can take at maximum two entities. Notice that when there is on one side more cannibals than missionaries the cannibals eat Missionaries [7] . 
Example 3: Towers of Hanoi problem
There are three towers A, B, C. We found three different type of vicious circle (small, medium, large) in order from above in tower A [8] .
We want to move the three vicious circles from A to C but it must be in the same order in A and you can use tower B as bridge. You can't put larger circle above a smaller one. Don't put large above medium or small. Don't put medium above small. The formulation: States : State (number of circles, tower to move from, tower to move to) Where 1 for larger one 2 for medium one 3 for smallest one Initial state : All circles in tower A Goal state : All circles in tower C Path cost : Unit for each step Successor function :
Problems based on knowledge of states
Problems can be classified based upon knowledge of states and actions into four categories [6] :
• Single-state problem
In a single-state problem, the agent has complete world state knowledge and complete action knowledge. The agent always knows its world state. For a matter of simplicity and focusing on the symmetry concept, we shall restrict the study of this paper to this kind of problems.
On the other hand, in a multiple-state problem, the agent has incomplete world state knowledge and incomplete action knowledge. The agent only knows which group of world states it is in. In the contingency problem, it is impossible to define a complete sequence of actions that constitute a solution in advance because information about the intermediary states is unknown. In an exploration problem, the state space and effects of actions are unknown. This is kind of problems is considered very difficult. Let us consider the vacuum cleaner problem as a one-state problem. If the environment is completely accessible, the vacuum cleaner always knows where it is and where the dirt is. The solution then is reduced to searching for a path from the initial state to the goal state. This is shown in 3,A,B)  (3,A,C)  (3,B,A)  (3,B,C)  (3,C,A)  (3,C,B)   (2,A,B)  (2,A,C)  (2,B,A)  (2,B,C)  (2,C,A)  (2,C,B)   (1,A,B)  (1,A,C)  (1,B,A)  (1,B,C)  (1,C,A) (1,C,B) Similarly, let us consider the missionaries and cannibals problem as a one-state problem. If the environment is completely accessible, the solution then is reduced to searching for a path from the initial state to the goal state. This is shown in fig 4. Although this is considered outside the focus of this study, we shall give an example of the other case of multiplestate to see how the state space will be complicated. Let us consider the vacuum cleaner world as a multiple-state problem. If it has no sensors, it doesn't know where it or the dirt is. It can still solve the problem. Here, states are knowledge states. This is shown in fig 5. 
problem-solving agents

Exploiting Symmetry
This section studies how to exploit the concept of symmetry in problem solving.
vacuum cleaner revisited
Let us reconsider the vacuum cleaner problem as a one-state problem as shown in figure 3 .
Clearly symmetry is obvious in the state space as seen also in state space of missionaries and cannibals.
However for more clarification let us utilize another simplified formulation. The state now is Sign(left, right) Where sign determine the location of the cleaner : -is left and + for right. And left, right represent the existence of dirt in left, right respectively.
The new state space is shown in figure 7 . And a combined state space is shown in fig. 8 .
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Conclusion
By comparing fig 7 and fig 8, from the vacuum state space we noticed how the state space is simplified exponentially using symmetry. The problem solving agent can improve operation if it utilizes one of the following strategies:
• bidirectional search , • forward search from initial while regarding the mirror state of the goal, or • Backward search from goal while regarding the mirror state of the initial.
